To: (xanlner Tinothy Ku^l § 571-273- Frc»: Beth fl Sanders 



P9 3/10 11/16/86 11:38 a 



1. (Cyrrtmtly amejidea.): A metha4 of fm^fu^ing ff-subt^t^^^ ; fprowtibn of 
m OfH or:gj^:v*«=tl to stimulate produciion of hyctrocau^bons, the method coraprislnglhe steps of: 

(1) ibjrectiag into thfe f6]^iati6n a fi^acturihg ilwid at h pressure sufficient to &nrt= 
:fi«etqce5 vAi\m 4hi<?. fflwtatioiii the fr^icturmg fluid j^pmpti^inB m aqueous acid, a! syritlwjtic 
polymer, a m€tnl: fero$^linking; agent and. lactic acid or liactic acid safi galL wherein the 
coneefttration of lactfc $C{d ot \m\c:ficiii^^^ tlfe; fiticturirtg;fli4irf Is m din Q unt : 
su^ot e m - to 'TOtard or p rev e nt the oro j ifll i n j ung roft elion of syuth e tio i>oiym e r ond jneUi t 
ejB OsiqIinktng flgM^ ui ttH^^p^^ raturo^o lojagt 100^ F.is reachdd - it i fc 4 tw4 

beiiwecn from ab out: to at>Qut 1 MO 7 A>unds per K<X)0 galbhs^f fracturiji^ fliiidr and 

(2) crosslirildug the synthetic polymer andi metal erosslinking agent for a time, 
.^ufficifint to tender a cm^slinked .^id gch 

2. (Previously prespnted.) The method of Glaitn L wherein tlie: {mtmmt: of 
lifcttc piiid tactic acid salt . present in the fractiirins fluid, is ad amduiit sufficieiU to retard or 
prevent tlie crg^^Iinking j^iaction of synth^^tic-pplyme^^ metal crus^jliiiking agent Juritil a- 
temperature ofat le^3l 120" is reached in- thesnbienanean formaiiou- 

31 (Previously pfes<?D:ted.) The; method of CMm 2, whereiri the: amount of 
lactic acid or lactic acid $alt present in the fractiiring fluid 'v$ mi amount suiTicienl to retard or 
prevetu the <Ji:o!ssIihkittg feactipii of synthetic polyiner arid metal :cr<5sslinking 4geat until a 
tcmpcrMturcpf at least HO^ F* isjfrcftch^d in;iKc suhtwawesui fom^itton, 

4. (Cancelied.). 

5i (Ciiirently amended The mcthod of Claim 4 1, wherein ttie tactic acid or 

liBCtic acid sa lt is presetrt at a concentratton tes Uiaii about 80 pounds of lootie ogM per UDQO 
gallbfis of fracmmig fluid. 

6.. ;(Ciui:^tly arpeiided.) The inethqd of Claim 5^ . wherem the lactic :a<fid or 

lactie acid $u\t is preiient ^t a concentration: less lli^m ^bftql 25 pounds ef^ octi c aoid per ;l>000 
gallons of ftaciurtng fliiid. 

X (piiginiilj); Tlie method; of Clmm I, wherein the iqueouss acid is hydrochloric 

9. (Originai.) 'ilre method of CWm: 7.. ^h«e:|n :ihe aq^^^ apad Iwlfc^r iiiplud^e^j • 
foiirmc ac^^^ aeetieaeid or niix^tures thereof. 
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9; (Original, ): ISie meihod: Of GJliim- 1^. :Wlb«*eto tlte ttiseial csro^sltofcliig iigent: 
coritaitiK either tiitati[i\im;» zirvdiuum, aluininiUm» itoii <^t;'^tirn5hy ot^^ 

iOL. (Origitml.) the- method of Gldioi: 9^ wherein tilW metal crosstinldng.:afe(3hii 
contoins fliiimirium mi jrircontum. 

11-: (Qrigitial.) The method ol* Claki 9; wherein tte: metal crosslinking agent is 
.airctonium o?tychlortd(&> zLrcoMimi acetate, 2;irc|onium Ikiate,: 2ircoiiium maktei zircdriium 
citrate, titanmm lactatCv tiianium mala^ or fiUiriium citrate or a combinatipn thereof; 

12. (Or igittarl. ) lie. method of Claim U wherein the ;*ymh€!tic p(>l3fmer is. p<>ly^^ 
aliMiihQUjxilyaCTyJiTO^^ 

1 3* (Previously present<»if .) The method.of iClatai 12, wlierdn :the synthetic 
polyitieiP is; a copolymer of the formula: 

CO CO CH3 

I T I 

wheteinni is 2 to 5 n 4 to 8, 

14, (OrigbaL): The method of Claim 1> wherein the .fi^idturmg fltild. fji^ 
c^mpri^s aigel breaker. 

.15. (Cr^ncelled.) 
\&: (GanccIIed.) 

17, (Cun^enily amended-.) the method of Whertia the -lactic acid 

0] t,|a<^ac acid sail is present at a .conc^atration les? :thaii. aboui ?0 ppuniJts per galldris of 
tVacttiftag fluid. 

1 :<Cuitent!y aiwn^^ The iirieihod of Glaim i 7, wbijrdn the lactic aCid .or. 

lactt<^ , gcvd ,|ait is j^em aia conGeritraiion less than .ajbouf 50 poundi^ pit I jOOO gallon^ at 
jhtcturmg^fiU 

1$. (Currently anien<fc<E> TKe method of Claim 45: 32^ wherein the aijuedw 

acid ii^ hydrochloric acid. 
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2Q; (prpviqusly presented.) llie. method of Gtaim .l9v wherefeiite aqueous acid* 
fut^ci! includes. acetic ^cid or ^ hii?dun^::there0 

21. (Currewly: feuded.) Th^ method of Claim. +5 29, Wheroin the metal 
cfosisiinkihg ageiVi {font^ihs^ thahium, 2irc^iUin; ^itiuutin^^^ iron ojr aj^tiiYibtiy or a hiixture 

22, : (Pr^yibiisty presented. ) the method of Claim 2:1, .wlicEein :the .nietat 
«i «5$$Hnkii)g ageirt COtftab? atumin w zficCiiiltitit 

23; (Previously presented,) The methcxl of Claim wherein tlie iitcUi 
chi^jsl inking age^^^ b ^^ifcomiim QxyQh!<>fi^ zircohiutn lactate.^ zirconium 

nialate, xircomum qilrtite, ititaniwn lactate, ijtanluip.Qiulat^i. or titatuum:eitrate or a cpmblnQfipii: 
tliereoil: 

24. (GWrfcnily wended^ The iii€;thod of Clditii 4* 3ft, whi^reirt die/ayhthetic 
polymer is. polyviuyl alcohoU polyaerylairiide or acc^lymer.of actylamidc, 

25. (Preyiously p.jhcsejucd The |i)Qthod of CMim 24, wherein tfi^ »yriihjetlc 
polymer is: a. copolymer: of 



CO 



NHg C— CIi2— sol Na^ 



r 



^3 

wherein m IS; 2. to 5 aiTd ni is 4 tp !5, 
26. ([C^ceUed^: 

27.. (jEJMtitjntjty arifMflid In a m^iUtod of ihictarii)g a Subfejraiiean fprinatipTr 

6f an.oii :or gas. well to isthnulate production of hycbocarboiiis t^y injecting at high pressure into 
the: fprmatipii ai Mdt^riitg tlutd Cpn\ptising an aqiiepjus 0^0^,. a: synthotici ptjlymef; and ^ meta¥ 
crossiiriklng agent, the iinprpwrrKrni comfaising letarding of prtjveftljng crpsslinking betw^eft 
jlh^ ^ynUietic polymer attd metal crossiinking. agent :at temperatures less than::about IQD^ :F. hy 
im^mim^ or a (actic ailbid salt ijn th<^ fractuirln^ Iteift fliiid, tlie lactic acid or iacfic 



4: 
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jacia s.nit ;bemp: present in an aTaount fe etweeii from about 1Q ta afaout 1;QQQ poonds per KQOQ 
ftAltons of Mcturing fluid . 
2.8; (Cancelled.) 

29; (CUireiatiy eutiended.) The rhethod of/Cti^iin 39 2Z» ^VheTein tte li^tic 

or lactic acid salt tShpresent. pt 2i TOnq«?ntra.ripn tes$ than about 80 pounds per XjOOO. •galJon'S of 
fracturing fluid.: 

30: . (G^ntntly ani€5i^$il.) The iiiethtid of Claiin 2% . wherebi; . the lactii^ acid oi. 

Joctic octd ssAi is. preseiU at a conceritratiott less tliaii about 25 pounds per UOOO. galloiis: of 
fra.<?turing fluid, 

3J, (Qriginfl}.) THq m^ithod of Claim 27vSyhereiri tfje i^iyegu^.aQid 1$ hydroehjaric; 

aci=d; 

32; (OriginaJI.) Th.$ itiiethod oif Claim 51, wh^eteifi ibc aitiiiipbus a^uid fiirltef 
includes fonnic^dcid, acetic acid or mi:cfaire theceof, 

33v (Qriginal.) The method of Claim: wherneih. the metaJ crosisliiiking ag^nt 
contains cHher tiianiiim, zirconimn/a^ iron or aniiiinony or a mixtutx? ther^wif- 

34- (Original) The mc^thod: of Claim 33^ wherein the: metaJ crossJiriking agent 
contains alumimim and^?it*contu;n. 

35, (Otiginal.): The m^tliod of GlaJrn 33, whi&cein tb^ metar,ciwsliiiking agent isi. 
:zircoi)5um oxychloride, zirconium acetate, zircoiiium lactate, xircohium makte> Zrircouium 
citrate^ titamum laelatCi Htanitmi malatQ^ or iitoiuUm citrate or a combination 

36* .{Original.) Ihe method of Glaian ■27y .wherein, the. isjj^nthetic poljaner is . 
polyvinyl alcohol, polyaoislanrii.de or a copolymer of iicrj.l£taii.<te; 



5" 
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37; (Ff^viously presented;) 
poiyijietis .3 copiplymer of the fofmula^ 



Tbc jnethad of Claim: 56^. whereiii the synthetic. 



wherctn .m js 2 id 5 and ri is 4 to 8, 
38. (teviously pressed.) 

|i:uiil: fwrtJier cbmpmes a gel .breiiRfer. 
59, (Cun^nily :WKnd?dO 




. . m 



The method of Glaim 27, whqreitft the frteluriiig. 



A; mwhod of fracturing a subtcmin^ap carbom^^ 
fprrriatiQii of an oil or gas welt to stimulate jMT)duGtioi3 orhydroc^^ the m<i?riK)di cqmprisitig. 
injecting into the carborKate fiorrhation it fracturir^g it a^pr^ M^lci&ni to totTri fmciieres 
vwthift die formation, ihc fracturing fluid cotnprisiiitg ;an. agueous: acid, synribetic polymer^ 
Biete9jW:ffi£^ lactic acid ofa lactic acid sail qt^^ gel breaker, whei*feiix 

the:^Qunt: of lactlCtiLcidpr hctlc acid ssdt ia the tya»niting. fluid h, ^»# na€ HM nt r&uffi^^^^ 

tetttnOTture a lea s than a ^itrj^OQa^: b etween from iabout 16 to ahout t,000 TOiitids oer. LQOQ 
gallons of fractaiti^t^ fluid . 

40. (Pr^yipusjjy ptesent^,) The ihefh:od of Cl^m. 39, V^hereift the,cfiif1>on.&te 
fi>rD(iat|oi]i 1$ limestone, or diplorni cc. 

41. (Rpfevii^usly presented!^ The method of Cliaim i, wherm the .pit of the 
aqueous add |3 fitbOiit ip.O. 

42: .<P:reviously presented;) The method of Claim l,^ wherein the subterranean, 
j^nilation isa c£u%ion^^ foritiiatipn; 

43; (Froviourfy prcsCTted^ l^c m^hacJ of Claim. 42^^ cafbon&Ui 
j[brQ^0d.n is iimestone.or dolomite: 

44: (PreyipusIypFeis^^^^^ The tneliiod of Ctaibi 3?i whcrfeb the pH of the 
:aqueOus Held is nboutiO-O. 
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45. (Cliitently fl^ii6n(Jed.^ The method, of Giaim 4 12,, vi^hefein the 

polyacrylannde i^ aaacrylamide polyxner haying less ;than 1% of th?^ nwliiniide groups m.the 
form of. carbox>1ate groups. 

46.. (Prcyibnsly prcscTite^^^^ The hieUibd 6f Claim U wherein the. syn^ 

pdlyittef is an t^Ulsion polymer, 

47.. (.Gurrenlty amended;^ The method of Ciaiiii 1, wherein the amount of 

gij^i^aiS acid in the fracturing fluid iS: Between .froin about 3: to rabuul 28 percent . of the total 
weight percent: of the fraeturing: fiuid. 

48> (Oirrenliy amended ) The imetliod of Glairn 47,. wherein the amounl of 

acjueom acid in the fracturing tluid ii^ ixMween from about 1.5 to about 2.Q:peiijfent:of the total 
weight pssrcent of the fractair in^ fluid;. 
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